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EXPLOSION  TESTS  UNDER  THICK  POLAR  ICE 


Prepared  by: 
Donald  M,  Leslie 
Carl  A,  Nelson 


ABSTRACT:  Several  small  charges  of  high  explosive  were  fired 
under  old  polar  ice  in  the  Arctic  Ocean  to  study  their  effects 
on  loe.  At  the  test  site  the  ice  varied  from  8  feet  to  about 
l6  feet  in  thickness,  and  was  characterized  by  low  salinity, 
relatively  warm  temperature,  and  moderately  high  tensile 
strength.  It  was  concluded  that  a  35-pound  charge  of  HBX-3 
exploded  at  optimum  standoff  distaince  beneath  this  type  of  ice 
will  pulverize  an  area  at  least  40  feet  in  diameter,  and  will 
crack  the  ice  extensively  in  an  8u?ea  about  90  feet  in  diameter 


U.  S.  NAVAL  ORDNANCE  LABORATORY 
WHITE  OAK,  MARYLAND 
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1  November  I96I 


The  testa  reported  herein  were  conducted  under  BuWeps  Task 
RUME  2E-031i  "Applied  Research,  Analysis  and  Planning,"  to 
provide  more  Insight  Into  the  effects  of  explosions  on  Ice 
and  to  provide  specific  data  on  which  the  development  of  a 
submarine  under-lce  surfacing  device  can  be  based.  The 
study  was  necessarily  limited  to  one  variety  of  Ice  under 
summertime  conditions  In  the  Arctic,  For  the  first  time  In 
this  type  of  test  an  attempt  was  made  to  relate  the  effects 
data  to  the  Ice  strength.  The  conclusions  reached  represent 
the  current  opinions  of  the  Naval  Ordnance  Laboratory  In 
this  area. 

The  assistance  of  the  Office  of  Naval  Research,  the  Arctic 
Research  Laboratory  of  the  University  of  Alaska,  the  Ice¬ 
breaker  USS  STATEN  ISLAND  AGB-5,  and  of  Underwater  Demolition 
Unit  No,  1  (COMPHIBPAC)  In  conducting  these  tests  Is  grate¬ 
fully  acknowledged. 


W,  D,  COLEMAN 
Captain,  USN 
Commander 

L.  C.  FISHER 
By  direction 
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Chapter  1 
INTRODUCTION 


In  response  to  Interest  In  a  device  which  would  enable 
submarines  traveling  under  thick  polar  ice  to  gain  access  to 
the  surface  quickly  during  an  emergency,  the  Laboratory 
designed  and  furnished  several  experimental  explosive  ice 
destructors  to  the  USS  SARGO  SS(N)583  and  the  USS  SEADRAGON 
SS(N)584  for  testing  during  their  polar  cruises  in  1959  and 
I960  (Project  ICESKATE).  Difficulties  by  both  vessels  in 
locating  the  opening  produced  by  the  destructors  (see  refer¬ 
ences  (a)  and  (b))  forced  the  abandonment  of  this  particular 
approach,  at  least  temporarily.  In  the  spring  of  1961  interest 
shifted  to  a  somewhat  different  approach  to  the  under-ice 
emergency  surfacing  problem.  Rather  than  use  a  large  explosive 
charge  which  produces  a  substantial  opening  but  requires  the 
submarine  to  retire  to  a  considerable  distance  during  the 
explosion,  it  was  now  proposed  to  use  a  much  smaller  charge 
which  cracks  or  pulverizes  a  small  area  of  ice,  in  direct 
combination  with  the  kinetic  energy  and  buoyancy,  forces  of  the 
ascending  submarine,  Iftider  this  proposal,  the  explosive  charge 
must  be  large  eno\igh  to  crack  through  the  thickest  ice  normally 
encountered,  but  must  be  so  small  that  it  will  not  significantly 
damage  the  submarine  when  exploded  a  short  distance  overhead. 
Under  this  concept  the  small,  buoyant  charge  would  be  launched 
from  either  the  sail  or  a  forward  torpedo  tube,  and  would  rise 
to  the  lower  surface  of  the  ice.  It  would  then  be  armed  and 
fired  remotely  through  an  umbilical  cable  attached  to  the 
submarine.  The  submarine  would  then  maneuver  as  necessary  to 
be  directly  under  the  cracked  area,  hover  at  zero  velocity 
relative  to  the  ice  canopy,  and  rise  at  a  controlled  rate  so 
that  the  sail  would  Impact  the  cracked  or  pulverized  area  and 
break  through  to  the  surface.  SKATE-class  Arctic  submarines 
currently  are  capable  of  breaking  through  "thin"  ice  (up  to 
about  six  feet  thick)  unaided.  Thus,  the  assist  device  is 
needed  only  in  "thick"  ice  (from  six  to  about  twelve  feet 
thick).  Other  agencies  are  investigating  non-explosive  methods 
of  egress  through  thick  ice  canopy,  utilizing  steam  or  water 
Jets,  mechanical  and  thermal  devices,  direct  strengthening  of 
the  sail  structure,  etc. 

A  feasibility  study  of  the  small-charge  concept  was  con¬ 
ducted  by  the  Laboratory  in  the  spring  of  1961  (reference  (c)), 
and  the  Laboratory  concluded  that  this  approach  was  feasible 
provided  a  "small"  charge  of  about  60  pounds  (or  less)  would 
produce  the  desired  effect  on  sea  ice,  and  provided  the 
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submarine  could  perform  the  necessary  maneuvers  under  emergency 
conditions.  It  was  the  prime  purpose  of  the  tests  reported 
herein  to  explore  by  direct  measurements  the  first  provision, 
l.e.,  the  size  of  charge  necessary  to  crack  through  12  feet  of 
sea  ice. 

The  infomation  available  on  the  effects  of  explosions 
underneath  sea  ice  is  very  meager.  Only  four  tests  are  known 
to  have  been  conducted,  all  under  NOL  auspices.  These  are  the 
scaled  small-charge  tests  on  lake  ice  (called  the  Moonshine 
Lake  Tests,  reference  (d));  the  simulation  tests  using  very 
small  charges  under  plaster  board  (to  simulate  the  ice);  the 
full-scale  ICESKATE  tests  conducted  from  the  USS  STATEN  ISLAND 
AGB-5  under  thin  seasonal  ice  in  the  Bering  Sea  in  February  i960 
(reference  (e));  and  the  experimental  ICESKATE  shots  by  SARGO 
and  SEADFIAGON  under  thick  ice  (from  which  no  data  were  obtained). 
The  known  data  from  these  tests  have  been  summarized  and  ana¬ 
lyzed  by  R.  Barash  in  reference  (f).  Prom  these  studies  the 
Laboratory  has  attempted  to  scale  or  extrapolate  the  minimum 
charge  size  required  to  crack  or  pulverize  12  feet  of  sea  ice 
in  a  60-foot  diameter  area.  It  appears  that  this  lies  some¬ 
where  between  25  and  125  pounds  of  HBX-3j  but,  due  to  uncertain 
scaling  factors,  a  more  specific  choice  cannot  be  made  with 
confidence. 

By  reference  (g)  the  Laboratory  proposed  a  general  program 
of  Arctic  studies  related  to  ICESKATE  and  to  the  Mine  Program. 

The  first  specific  test  was  a  direct  investigation  of  the 
effects  of  small  charges  exploded  under  thick  sea  ice.  It  was 
proposed  that  these  tests  be  conducted  by  NOL,  working  from 
the  Arctic  Research  Laboratory,  Point  Barrow,  Alaska.  ARL  air 
support,  or  icebreaker  (ship)  support,  was  to  be  used  to  put 
the  test  party  and  gear  on  sea  ice  of  the  desired  character¬ 
istics,  ONR  approval  for  the  use  of  ARL  facilities  (operated 
by  the  University  of  Alaska  under  contract  to  ONR)  was  granted 
by  reference  (h).  It  was  decided  to  run  the  initial  tests 
during  the  summer  of  I96I,  thus  ruling  out  air  support.  By 
reference  (i),  ONR  requested  the  necessary  Icebreaker  services 
from  CINCPAC  for  this  and  other  scientific  Arctic  projects 
for  1961. 
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Chapter  2 
OBJECTIVES 


The  specific  objectives  of  this  test  thus  may  be  stated 
as  follows: 

1.  To  obtain  direct  data  on  the  effect  of  small  charges 
exploded  under  thick  sea  ice,  for  the  design  of  an  ice 
destructor  to  meet  SW-001102(REU)  "Submarine  Under-Ice 
Operational  Requirement,"  and  also  to  meet  the  requests  made 
by  COMSUBLANT  in  references  (j)  and  (k). 

2.  To  obtain  as  much  data  as  possible  to  extend  the 
general  knowledge  of  under-ice  explosion  effects, 

3.  To  obtain  data  to  compare  the  effects  of  a  64 0-pound 
HBX-3  explosion  on  thick  sea  ice  with  the  effects  of  this  same 
charge  on  thin  sea  ice  (STATEN  ISLAND  tests,  February  i960); 
to  obtain  data  on  the  effects  of  a  1300-pound  HBX-3  explosion 
(l.e.,  the  largest  reasonable  amount  of  explosive  which  can  be 
designed  into  a  buoyant  device  launched  from  "standard"  torpedo 
tubes)  on  thick  sea  ice. 

In  collecting  the  above  data  it  was  desired  to  relate  the 
explosion  effects  to  the  strength  of  the  ice  used  for  the  tests. 
Thus,  it  was  desired  to  collect  as  much  data  on  ice  character¬ 
istics  as  possible. 
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Chapter  3 

DEVELOPMENT  OF  TEST  PLAN  AND  TEST  GEAR 


In  general  concept,  the  test  plan  to  accomplish  these 
objectives  was  very  straightforward.  Small  charges,  selected 
in  accordance  with  an  orderly  plan  based  on  the  thickness  of 
ice  at  the  test  location,  were  to  be  placed  under  the  ice  at 
selected  standoff  distances,  armed  and  detonated.  The  explosion 
and  its  after  effects  were  to  be  observed  visually  and  photo¬ 
graphed,  Ice  corings  at  the  test  area  were  to  be  taken  and 
analyzed  in  order  to  "tie  down"  the  effects  to  the  particular 
ice  at  the  test  site.  After  due  consideration  it  was  decided 
not  to  measure  shock  wave  amplitudes  because  of  the  marginal 
value  of  such  data  and  the  substantial  complications  involved 
in  operating  this  gear  away  from  ship's  power  under  difficult 
conditions  on  the  ice.  The  overall  concept  was  simple,  but  the 
development  of  a  specific  test  plan,  hardware,  and  instrumenta¬ 
tion  posed  some  problems.  These  will  be  discussed  in  succeeding 
paragraphs  in  this  section, 

PLACEMENT  OF  CHARGES  IN  POSITION 

During  the  ICESKATE  tests  from  the  STATEN  ISLAND  in  the 
Bering  Sea  in  i960,  it  was  planned  that  the  charges  be  placed 
in  position  under  the  ice  and  away  from  the  edge  by  UDT 
swimmers  ("frogmen").  However,  after  a  near-fatal  accident 
occurred,  this  method  was  dropped  and  the  charges  were  lowered 
directly  through  holes  cut  through  the  ice.  After  the  charges 
were  in  position  the  holes  were  packed  with  loose  ice  and  snow 
(which  then  refroze)  and  the  charges  were  fired  in  this  sus¬ 
pended  position.  For  large  charges,  greater  than  about  300 
pounds,  this  method  is  considered  to  be  acceptable  since  the 
hole  discontinuity  is  small  with  respect  to  the  bubble  diameter. 
However,  this  method  was  not  considered  acceptable  for  the  small 
charge  shots  planned  for  this  program,  A  method  was  needed 
which  would  place  the  charges  in  position  away  from  the  hole  or 
edge  effects.  Because  of  the  accident  earlier  in  the  Bering 
Sea  it  was  preferable  not  to  require  extensive  under-ice 
swimming  by  divers,  A  number  of  other  schemes  were  considered. 
Including  those  Involving  the  use  of: 

Miniature  submarines  or  torpedoes 
“'.'.verted  buoyant  tracked  vehicles 
Natural  water  currents  or  relative  ice  drift 
Devices  which  "skate"  laterally  as  they  sink,  then 
are  made  buoyant  and  rise  vertically 
Long  buoyant  pipe 
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After  due  consideration  the  buoyant  pipe  scheme  (suggested 
by  V,  G,  Costley),  coupled  with  the  use  of  swimmers,  finally 
was  chosen  as  the  primary  plan.  As  a  back-up  plan,  underwater 
swimmers  alone  were  to  be  used.  The  more  elaborate  schemes 
were  dropped  for  several  reasons,  primarily  because  reliable 
hardware  was  not  readily  available  without  a  substantial 
development  program,  and  because  of  uncertainty  of  precise 
location  of  the  charge.  (No  small  underwater  locator  was 
readily  available  capable  of  determining  precise  location  at 
the  necessary  distances.) 

The  buoyant  pipe  plan  is  described  in  detail  in  the  Test 
Plan,  Appendix  A.  In  brief,  a  hole  is  first  cut  through  the 
ice  floe  and  its  opposite  upper  and  lower  sides  are  cut  away 
so  that  pipe  can  be  Inserted  at  an  angle  of  about  30*  to  the 
horizontal.  The  test  charge  with  its  buoyancy  can  (connected 
so  that  the  charge  will  be  suspended  at  the  desired  stand-off 
distance  beneath  the  ice)  is  attached  to  a  release  device  at 
the  end  of  the  first  section  of  pipe.  A  separate  lead  weight 
nearly  large  enough  to  cancel  out  the  net  buoyancy  of  the 
charge/buoyancy  can  system  also  is  attached  to  this  release 
device.  The  first  section  of  pipe,  with  the  attached  gear,  is 
then  Inserted  through  the  hole  at  a  30*  angle.  Additional  20- 
foot  sections  are  attached  and  inserted  until  the  desired 
linear  distance  is  reached.  The  pipe  (2-lnch  diameter  heavy 
wall  606IT6  aluminum)  is  welded  closed  at  each  end  so  that  each 
section  is  slightly  buoyant  in  sea  water.  After  the  last 
section  is  inserted,  the  entire  assembly  rises  to  the  under¬ 
neath  aide  of  the  ice.  After  the  location  of  the  charge  la 
established  the  release  device  is  operated  remotely  aind  the 
pipe  is  withdrawn,  Vfhen  the  instrumentation  is  in  place,  the 
charge  is  then  armed  and  fired  remotely.  The  strength  of  the 
pipe  in  bending  was  investigated  in  some  detail  to  establish 
that  the  necessary  alight  buoyancy  at  the  end  of  a  very  long 
moment  arm  would  not  overstress  the  pipe,  A  simulated  test 
program,  carried  out  at  NOLTP,  Solomons,  Maryland,  using  a 
torpedo  barge  with  a  well  through  the  middle  to  simulate  the 
hole  through  the  ice,  showed  that  the  plan  was  feasible. 

Appendix  C. 

TEST  CHARGES 

The  test  plan  required  charges  varying  in  size  from  two 
pounds  to  1300  pounds.  It  was  not  practical  to  make  up  separate 
charges  for  each  possible  size  which  might  be  needed,  nor  was 
it  desirable,  for  logistic  reasons,  to  require  handling  of  any 
large  charges.  Therefore,  a  plan  was  worked  out  by  C.  A.  Nelson 
and  V,  G,  Costley  for  charges  to  be  made  up  in  seven  module 
sizes,  Appendix  D.  The  largest  of  these  was  200  pounds,  which 
is  small  enough  to  be  "manhandled"  on  the  Ice,  and  to  be  carried 
easily  by  light  aircraft,  if  necessary.  A  total  of  33  units  in 
these  seven  module  sizes  was  fabricated  by  the  NOL  shops  and 
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loaded  with  HBX-3  at  NWP,  Yorktown,  Virginia.  From  these  33 
units  charges  In  any  desired  total  weight  could  be  bolted 
together  quickly  on  the  ice  at  the  test  site.  Explosive  tests 
were  conducted  at  NOL  with  the  smaller  units  to  establish  that 
the  shock  wave  transmitted  from  the  arming  device  booster  to 
the  first  unit  was  sufficient  to  initiate  high-order  detonation. 
In  practice,  this  module  plan  worked  very  well,  with  no  signif¬ 
icant  problems,  A  minor  problem  arose  in  explosive -loading  the 
larger  units  at  Yorktown,  and  if  this  scheme  is  used  again  side 
loading  holes  are  to  be  preferred  rather  than  center  holes. 

BUOYANCY  CHAMBERS 

For  reasons  of  economy  it  was,  at  first,  planned  to  use 
automobile  tire  "inner  tubes"  as  buoyancy  chambers  to  support 
the  charges.  It  was  quickly  realized,  however,  that  flexible 
containers  of  this  type  are  vertically  unstable  when  used  fully 
submerged  in  near-neutral -buoyancy  systems,  and  this  approach 
was  dropped.  Standard  shipping  cans  were  then  chosen  for  the 
purpose.  Pressure  tests  on  the  larger  containers  showed  that 
they  would  withstand  about  50  feet  of  water  before  collapsing. 
Since  the  largest  charge  may  have  to  be  placed  150  feet  away 
from  the  hole  and  thus  (at  a  30“  angle),  may  reach  a  depth  of 
75  feet  during  placement,  a  few  of  the  larger  containers  were 
equipped  with  Internal  fiber  stiffeners.  For  shipping  economy 
many  of  'he  containers  were  packed  with  other  gear  during 
shipment, 

ARMING  DEVICE 

Perhaps  the  most  common  method  of  firing  test  charges 
remotely  is  to  use  an  electric  detonator  Inserted  in,  or 
attached  directly  to,  the  high  explosive  charge.  Although  this 
crude  method  has  the  authority  of  many  years'  usage  behind  it, 
it  represents  obsolete  safety  practices.  Furthermore,  the  state 
of  the  art  in  "S  and  A"  has  advanced  greatly  in  recent  years. 

For  these  explosive  tests  in  the  Arctic  under  adverse  conditions 
the  test  group  preferred  something  safer.  Consequently  a  motor- 
driven,  remote-controlled  arming  device  was  adapted  for  these 
tests  by  W,  Burke  from  his  earlier  ICESKATE  arming  device,  A 
general  arrangement  sketch  is  attached  for  information  as 
Appendix  E,  Basically  the  device  consists  of  an  electric 
detonator  mounted  in  an  Explosive  Fitting,  a  Tetryl  lead  mounted 
in  a  rotating  shutter,  and  a  Tetryl  booster.  The  shutter  is 
driven  by  an  electric  motor  through  a  reduction  gear  from  the 
unallgned  (safe)  position  to  the  aligned  (armed)  position,  or 
vice  versa.  Switches  actuated  by  the  shutter  electrically  arm 
the  primer  circuit  and  disconnect  the  motor  when  the  shutter 
has  reached  the  "anned"  position.  The  system  is  arranged  so 
that  the  circuit  can  be  monitored  for  "anned"  or  "disarmed" 
condition,  the  primer  bridge  wire  resistance  can  be  monitored, 
and  the  system  can  be  disarmed  remotely  if  the  operator  chooses 
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not  to  fire.  Twelve  models  were  made  by  the  NOL  shops.  Two 
of  these  were  expended  In  explosive  tests  to  Insure  that  the 
firing  train  (which  Is  basically  the  same  as  that  used  on 
certain  other  arming  devices)  would  fire  properly,  and  would 
detonate  the  main  charge.  Five-conductor  cable  Is  used  with 
this  device. 
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Chapter  4 
INSTRUMENTATION 


Instrumentation  of  three  types  was  planned:  cameras  for 
photographic  coverage  of  the  explosions  and  their  effects; 
Instruments  for  taking  Ice  cores  and  measuring  the  Ice 
characteristics;  and  linear  (tape)  measures  for  direct  dimen¬ 
sional  measurements.  These  are  described  below: 

PHOTOGRAPHIC 

Two  10  mm,  ground  movie  cameras  were  to  be  used  as  shown 
In  Appendix  B.  One  of  these  was  to  be  operated  at  64  frames/ 
sec  and  the  other  at  16  frames/sec  as  a  back-up.  A  third 
camera  operating  at  l6  frames/sec  was  to  be  used  from  a 
helicopter  hovering  the  same  distance  away  and  on  the  same 
bearing,  but  at  an  angle  of  about  30°  with  the  vertical  through 
ground  zero.  Two  additional  cameras  were  carried  along  for 
possible  back-up  use  on  the  grovmd.  All  cameras  were  equipped 
with  35  mm. -focal -length  lenses^whlch  give  a  horizontal  cover¬ 
age  on  l6  mm.  film  of  about  40  feet  when  used  at  the 
selected  distances.  For  reference  purposes  two  scale  markers, 
assembled  by  the  ship  to  NOL  sketches,  were  to  be  used.- 
Appendlx  B.  These  markers  were  to  be  placed  about  30  feet 

apart,  equally  spaced  on  each  side  of  ground  zero.  All  cameras 
were  "gun  sight"  cameras,  equipped  with  Internal  heaters.  They 
were  loaded  with  30-foot  Kodachrome  film  magazines.  Since 
their  speed  could  not  be  controlled  precisely,  a  strobe  light 
system  using  a  gas  tube  flashing  once  per  second  was  made  up  by 
D.  Torpy,  J.  Dempsey,  and  T.  Heathcote  to  provide  a  time  refer¬ 
ence  on  the  film,  figure  1.  Ground  cameras  were  to  be  driven 
by  lead -acid  storage  batteries  loaned  by  the  ship.  Ttie 
helicopter  camera  was  to  be  operated  off  the  helicopter  main 
battery.  Some  degree  of  still-camera  coverage  was  to  be  pro¬ 
vided  by  a  Speed-Graphic  camera  operated  by  one  of  the  ship's 
photographers,  and  by  35  mm.  cameras  and  a  Polarold-Land  camera 
operated,  when  time  permitted,  by  members  of  the  test  party. 

ICE  DATA 

Ice  cores  were  to  be  taken  with  a  SIPRE  (now  CRREL)  coring 
auger  (manufactured  by  the  General  Mechanical  Co.,  Chicago, 
Illinois).  Temperatures  of  these  3-lnch  diameter  cores  were 
to  be  taken  at  about  2 -foot  Intervals  Immediately  after  removal 
using  Taylor  bl-metalllc  thermometers  temporarily  bound  to  the 
cores  with  a  wad  of  Insulating  material.  Three-Inch  sections 
were  then  to  be  sawed  out  of  the  cores  at  Intervals,  using  a 
miter  box  made  for  the  purpose.  These  sections  were  then  to  be 
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Fig.  1  Circuit  of  Strobe  Light  for  CaMx«« 
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drilled  through  the  cylindrical  axis  with  a  1/2-lnch  drill 
held  in  a  special  Jig.  The  resulting  test  sections  were  to  be 
weighed  to  the  nearest  gram  and  then  put  on  the  mechanical 
press  made  by  Soiltest,  Inc.,  modified  as  suggested  by 
Dr.  Assur  of  CRREL.  for  unconfined  compression  tests.  Under 
this  procedure  (reference  (b))  the  sample  is  subjected  to  a 
compressive  force  by  the  press,  which  creates  a  tensile  stress 
in  the  sample,  causing  failure  at  one  point  in  tension.  The 
force  necessary  to  split  the  sample  is  recorded  from  the  ring 
gage  and  from  this  the  tensile  strength  of  the  ice  is  computed. 
Samples  of  the  cores  also  were  to  be  taken  back  to  ARL  in 
sample  bottles,  where  standard  titration  tests  could  be  run  to 
determine  salinity.  For  all  the  ice  measurements,  the  NOL  test 
party  war  fortvinate  in  having  the  assistance  of  Mr.  Chla-Yao 
Yuan,  presently  working  at  ARL  with  Dr.  Hal  Peyton  of  the 
University  of  Alaska.  Mr,  Yuan's  knowledge  and  experience  in 
ice  measurements  proved  to  be  invalviable  to  the  NOL  test  party. 

LINEAL  MEASUREMENTS 

Among  the  most  important  data  obtained  from  these  tests 
were  the  direct  observations  of  dimensions  of  the  cracked  or 
pulverized  areas  resulting  from  the  explosions.  Reference 
marker  and  camera  positions  were  to  be  laid  off  by  tape  measure. 
It  was  intended  to  take  similar  direct  measurements  of  the 
affected  ice  areas.  This  was  not  feasible  in  most  cases, 
however,  due  to  the  fact  that  shots  were  necessarily  made  near 
the  ice  edge  (some  150  feet  in)  and  large  portions  of  the  floe 
cracked  off  and  began  to  drift  away  immediately  after  each  shot, 
particularly  #1  and  #2.  Thus,  the  area  diameters  were  estimated 
visually  based  on  the  known  separation  of  the  reference  markers. 
These  estimates  were  confirmed  or  corrected,  where  necessary, 
by  post  analysis  of  the  movie  film. 
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Chapter  5 

PRELIMINARY  PLANNING  TRIP 


In  order  to  confirm  preliminary  plans  and  work  out  remaining 
details  on  this  somewhat  unorthodox  test,  an  advamce  planning 
trip  was  made  by  C.  C.  Vogt  and  D.  N.  Leslie  of  NOL  several 
weeks  before  the  scheduled  tests.  Brief  visits  were  made  to 
LCdr*  Boylngton,  Underwater  Demolition  Unit  #1  (Ssm  Diego); 

Dr,  W,  K.  Lyon,  the  "father  of  submarine  polar  travel,"  at  NEL 
(San  Diego);  Cdr.  W.  L.  Larsen,  USS  STATEN  ISLAND  (Seattle); 
Capt,  C.  D.  Huston  and  Capt,  Strlckler,  COMALSEAPRON  (Kodiak); 
Dr.  C,  T,  Elvey,  University  of  Alaska  (Fairbanks);  and  Mr,  Mauc 
Brewer.  Director  of  the  Arctic  Research  Laboratory  (Point 
Barrow) ,  During  this  trip  the  final  plans  were  worked  out  and 
agreed  upon.  STATEN  ISLAND  planned  to  arrive  at  Point  Barrow 
about  17  August  euid  leave  shortly  afterwards  to  provide  heavy 
logistic  support  to  ARLIS-II.  It  was  originally  planned  that 
the  NOL  group  would  be  embarked  on  this  trip  and  would  conduct 
the  explosion  test  program  sometime  during  the  trip,  probably 
after  visiting  ARLIS-II.  (However,  this  plan  was  later  changed 
to  embark  the  NOL  group  on  a  later  trip  after  the  ship's  visit 
to  ARLIS-II.)  The  bulk  of  the  NOL  test  gear.  Including  the 
explosive  charges,  had  been  shipped  to  Seattle  In  time  to  go  up 
on  the  STATEN  ISLAND,  A  small  amount  of  Instruments  and  late 
test  gear  was  air-shipped  directly  to  ARL.  Due  to  a  last- 
minute  change  in  ship  schedule,  brought  about  by  Ice  damage  to 
the  USS  BURTON  ISLAND  near  Barrow,  the  test  date  was  moved  up 
from  September  to  late  August, 
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Chapter  6 
TESTS  AND  RESULTS 


The  NOL  test  party  arrived  at  Point  Barrow  on  17  and  18 
August.  On  18  August  the  STATEN  ISLAND  left  for  ARLIS-II  and 
Fletcher's  Ice  Island,  As  mentioned  previously  the  NOL  test 
party  was  not  embarked  on  this  trip,  although  the  test  party 
chief  did  ride  the  ship  as  an  ice  observer.  On  22  August  the 
STATEN  ISLAND  left  Point  Barrow  with  the  NOL  test  party  and 
other  scientific  projects  aboard. 

On  24  August  the  STATEN  ISLAND  was  released  from  other 
projects  for  the  NOL  under-ice  explosion  tests.  At  this  time 
she  was  about  180  miles  northwest  of  Point  Barrow,  The  ice 
pack  was  in  a  rather  disintegrated  condition  with  six- to  nine- 
tenths  coverage,  and  the  ship  was  able  to  move  with  consider¬ 
able  freedom,  with  only  moderate  effect  on  speed.  No  suitable 
ice  had  been  observed  for  the  NOL  tests  thus  far.  Following 
the  earlier  suggestions  of  Dr,  Lyon  and  others,  the  ship  now 
turned  northwestward  toward  the  Beaufort  Sea,  since  this  course 
seemed  to  promise  the  greatest  probability  of  encountering  old 
polar  ice.  In  addition  to  the  normal  observations  from  the 
bridge,  a  special  lookout,  consisting  of  the  members  of  the 
NOL  test  party,  the  officer-ln-charge  of  the  Underwater 
Demolition  Team,  and  Mr,  Chla-Yao  Yuan,  in  rotation,  was  posted 
in  the  crow's-nest.  As  noted  earlier  in  this  report,  thick  sea 
ice  was  essential  for  these  tests.  In  a  single  winter  season 
around  the  fringes  of  the  Arctic  Ocean  pack  ice  grows  to  a 
thickness  no  greater  than  six  feet,  and  this  seasonal  ice 
largely  melts  or  disintegrates  during  the  following  summer. 
Nearer  the  cold  pole,  however,  the  ice  does  not  entirely  dis¬ 
integrate  during  the  summer  (ARLIS-II  lost  5-1/2  feet  in 
thickness  due  to  surface  melting  during  the  past  summer),  and 
during  succeeding  winters  more  growth  is  added  (at  the  bottom 
surface).  If  it  were  not  for  the  Irregular  outward  drift  of 
ice,  and  the  Inherent  thermal  Insulating  effect  of  the  ice, 
this  process  would  continue  indefinitely.  As  a  practical 
matter,  however,  flat  sea  ice  (l.e,,  not  rafted  or  pressure 
ridged)  seems  to  be  limited  in  the  Arctic  basin  to  about  12  feet 
in  thickness.  This  thicker  sea  ice  is  called  "old  polar  ice" 
and  is  generally  characterized  by  low  salinity,  an  Irregular, 
greyish,  hummocked  surface,  and  (by  transmittal  light  along 
the  edges  or  in  holes)  a  pure  blue  color. 

In  less  than  one  day's  search  a  large  floe  of  old  polar 
ice  was  found  at  Lat.  74“ 43'  N,  l6o“38'  W,  25  August  19.61 
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(fig.  2).  This  was  dubbed  "Freeman's  Ice  Floe"  since  It  was 
first  observed  by  Lt(Jg)  C.  Freeman,  Offlcer-ln-Charge  of  the 
Underwater  Demolition  Team,  while  on  lookout  In  the  crow's-nest. 
Judging  from  experience  of  the  past  week,  and  from  pessimistic 
predictions  by  various  Ice  experts,  this  discovery  must  be 
considered  nothing  short  of  fortuitous.  Other  than  ARLIS-II 
and  T-3  (both  of  which  are  glacial  Ice),  no  large  contiguous 
areas  of  Ice  had  been  seen  previously  on  this  expedition,  and 
only  a  few  Isolated  small  fragments  of  (thick)  old  polar  Ice 
had  been  observed.  Freeman's  Ice  Floe  was  Judged  to  be  true 
sea  Ice,  and  not  glacial  Ice,  because  It  was  somewhat  saline 
(though  salinity  was  rather  low),  and  because  no  glacial  moraine 
was  observed  at  any  time  during  the  occupancy  of  the  floe.  The 
surface  of  the  floe  was  quite  Irregular,  and  was  covered  almost 
entirely  with  small  hummocks  and  melt  pools.  The  hummocks 
ranged  up  to  three  or  four  feet  In  height.  The  melt  pools  were 
green  In  color  and  of  Irregular  shape  and  size,  varying  from 
about  three  or  four  feet  to  some  thirty  feet  In  minimum  dimen¬ 
sion.  The  fall  season  already  having  started,  these  pools 
were  covered  by  a  film  of  Ice  one  to  two  Inches  thick.  This 
surface  film  usually  was  strong  enough  to  support  a  man  If  he 
walked  carefully.  Underneath  the  surface  Ice  there  was  a  layer 
of  melt  water  8  to  18  Inches  thick  above  the  underlying  floe 
Ice.  At  the  thinnest  point  observed,  the  floe  was  six  feet 
thick  (this  was  at  the  edge).  From  later  observations  It  was 
found  that  maximum  thickness  was  at  least  20  feet.  Due  to  the 
Irregular  nature  of  the  surface,  the  thickness  of  any  selected 
test  site  must  be  recognized  only  as  a  nominal  value.  Pressure 
ridges  were  found  at  Intervals,  reaching  a  height  of  about 
15  feet.  Similarly,  refrozen  "cracks"  resembling  the  melt 
pools  were  sometimes  observed.  Helicopter  observations  showed 
that  the  floe  was  large,  roughly  circular,  with  a  dlsimeter  of 
about  1-1/4  miles.  Water  depth  at  this  point  was  950  fathoms, 
far  more  than  the  necessary  mlnlmm. 

A  test  core  confirmed  the  nature  of  the  Ice,  The  first 
test  core  was  drilled  to  15  feet  without  breaking  through 
(fig.  3).  Test  party  and  test  gear  were  put  ashore  Immediately, 
The^test  party  was  organized  functionally  as  follows: 
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FIG.  3  OBTAINING  A  SAMPLE  ICE  CORE 
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A  site  was  selected  and.  In  accordance  with  the  plan 
(Appendices  A  and  B)  a  working  party  from  the  ship  began  efforts 
to  get  a  4  ft.  X  6  ft.  hole  through  the  Ice  for  the  first  shot. 

A  chain  saw,  with  pickaxes  and  Ice  chisels,  was  used.  After  a 
depression  some  four  or  five  feet  deep  had  been  cut  out,  water 
began  to  seep  through  from  a  nearby  melt  pool.  Shovels  and 
buckets  were  used  to  ball  the  hole  clear,  temporarily.  However, 
seepage  continued  to  come  through  so  a  gasoline -driven  fire 
pump  was  brought  ashore.  The  motor  apparently  was  defective 
and  was  never  started.  In  spite  of  lengthy  efforts.  A  small 
explosive  charge  was  fired  In  the  hole  but  with  very  little 
effect.  Finally  a  decision  was  reached,  after  consultation 
with  Cdr.  larson  and  Lt(Jg)  Freeman,  to  abandon  the  hole  efforts 
temporarily  and  try  to  put  the  charges  In  position  from  the  Ice 
edge,  using  the  buoyant  pipe  scheme,  operating  from  one  of  the 
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ship's  LCVP's.  This  plan  was  used  for  the  first  charge,  with 
two  divers  "riding"  the  forward  end  of  the  pipe  under  the  Ice. 

A  60-pound  charge  was  selected  to  match  the  estimated  average 
of  12-foot  thick  Ice  In  accordance  with  the  test  plan.  The 
standoff  distance  beneath  the  Ice  ft.)  was  3*9  feet.  A 

preliminary  check  had  suggested  that*^ no  significant  current 
was  present.  However,  this  was  later  found  to  be  wrong  and 
considerable  difficulty  was  experienced  with  the  relative 
current  during  the  placement  of  the  pipe  and  the  charge 
actually  drifted  a  considerable  distance  out  of  position. 
Efforts  by  the  divers  were  only  partly  successful  In  getting 
the  charge  back.  Ihus,  the  first  charge  was  exploded  consid¬ 
erably  closer  to  the  edge  than  desired.  Because  of  this,  and 
even  more  because  of  the  lateness  of  the  hour,  the  first  shot 
was  fired  without  helicopter  photo  coverage. 

The  conditions  and  results  of  the  first  shot  are  shown 
dlagrammatlcally  In  figures  4  and  3*  Because  of  the  proximity 
to  the  Ice  edge  a  large  area  some  100  feet  In  diameter  was 
scalloped  out  of  the  floe.  Cleavage  lines  developed  In  the 
vicinity  and  substantial  pieces  of  the  floe  began  drifting 
away  Immediately.  The  nearness  of  the  Ice  edge  undoubtedly 
was  a  significant  factor  In  the  formation  of  these  deep  cracks; 
however.  It  did  not  appear  to  the  test  party  that  the  pulver¬ 
ization  effects  of  the  explosion  were  affected  by  this  factor. 
Because  of  the  relatively  large  plume  and  large  pulverized 
area,  this  6o-pound  shot  was  considered  somewhat  oversize  for 
the  Job  desired.  Therefore,  a  size  of  35  pounds  (one  step 
down  on  the  logarithmic  scale.  Appendix  k),  was  chosen  for  the 
next  shot  In  the  same  vicinity. 

During  discussions  that  night  after  the  first  shot.  It  was 
decided  not  to  use  the  buoyant  pipe  scheme  operating  from  a 
boat,  as  It  had  been  decided  to  do  when  a  hole  could  not  be 
obtained.  The  extreme  clarity  of  the  water,  coupled  with  good 
light  transmission  through  the  Ice,  made  It  feasible  for  the 
DDT  swimmers  to  operate  at  zMsasonable  distances  under  the  Ice. 
This  was  quite  In  contrast  to  the  earlier  STATEN  ISLAND  tests 
In  the  Bering  Sea  where  darkness  and  murky  water  made  It  very 
difficult  for  divers  to  "navigate"  under  the  Ice.  Thus  It  was 
decided  to  use  divers  alone  to  place  succeeding  small  charges 
in  position.  At  the  same  time  it  was  decided  that  a  ship's 
working  party  was  to  resvune  Its  efforts — in  another  area — to 
get  a  hole  through  the  ice  for  the  large  charge  tests. 

During  the  evening  after  the  first  shot  had  been  fired 
the  wind  shifted  and  there  were  indications  that  the  Ice  pack 
might  be  blown  against  the  ship.  This  aroused  considerable 
concern  on  the  part  of  the  ship's  captain,  who  decided  that 
we  could  not  stay  at  Freeman's  Floe  for  the  scheduled  four  days 
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Conditions  for  3hot  #1 

Charge:  6o  lbs.  UBX-3  asde  up  fron  two  30  lb.  nodules. 

Buojaaoy  and  weights:  3  float  cans,  l6  lb.  lead  weight. 
Standoff:  47"  beneath  the  ioe. 

Tine:  2000  Z,  8/25/61 

Ice  thickness:  6'  nininan,  about  14*  nazimn. 

Placenent:  By  pipe  method,  with  assistance  of  divers.  Release 
at  end  of  pipe  operated  prematurely. 

Firing  conditions:  24  volts  lead-acid  battery,  at  430  ft.  fron 

ground  zero. 

Cameras:  #1  (ground)  f3.6  at  64  fps;  #2  (ground)  f5*6  at 

l6  fps,  heaters  not  in  operation,  Ektachrome  film. 

Test  layout  at  Tine  of  Firing 
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R»»ttlt«  of  Shot  #1 

DlJUMt«r  of  pulTorizod  aroa:  greater  than  100  feet 

Zee  ooTorage:  Two  large  fragiMnte  about  4*  z  6'  in  area. 

Reat«  well  pulverized. 


o 

Tas"?  coaa  ?ovut 


Pig.  3  Shot  #1  (Cont'd) 
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of  tests,  but  must  leave  by  the  following  (Saturday)  night  or 
Sunday  morning.  As  a  consequence  of  this  decision  the  tests 
had  to  be  speeded  up  as  much  as  possible.  After  spending 
several  months  preparing  for  the  tests,  however,  this  was  a 
rather  hard  blow  to  the  test  party.  In  all  fairness,  however. 

It  should  be  recognized  that  the  ship's  concern  over  safety 
was  not  without  Justification.  Only  a  few  weeks  earlier  the 
USS  BURTON  ISLAND  (a  sister  Icebreaker)  had  been  caught  by  a 
similar  shift  In  wind  In  this  same  general  area  and  had 
suffered  a  Jammed  rudder  from  the  Ice  pack.  The  BURTON  ISLAND 
had  to  retire  fxxHn  the  Ice  pack  and  abort  her  mission  because 
of  this  damage.  The  net  effect  of  this  change  of  plans  was  to 
limit  us  to  1-1/2  days  at  the  test  site  rather  than  4  days  as 
scheduled.  (Actually,  ONR  had  requested  13  days  of  Icebreaker 
time  at  the  test  site  for  these  tests,  reference  (1).) 

The  35-pound  charge  for  shot  #2  was  carried  under  the  Ice 
by  the  UDT  swimmers  (fig.  6)  and  attached  to  a  section  of  pipe 
which  had  been  Inserted  thz*ough  a  test  core  hole.  This  now 
became  "ground  zero."  The  standoff  distance  beneath  the  Ice 
was  3.2  feet.  The  swimmers  conducted  this  phase  very  quickly, 
without  Incident,  requiring  only  four  or  five  minutes  to  take 
the  charge  in  and  then  come  back  out.  The  charge  was  armed 
and  fired  normally  (fig.  7).  P<^this  shot,  and  shot  #3,  the 
countdown  and  firing  signals  we^e  given  from  the  ship's  bridge, 
by  radio.  These  signals  were  received  at  the  test  site  by 
"walkie-talkie"  and  In  the  helicopter  by  a  normal  radio  channel. 
At  five  seconds  before  firing  the  cameras  were  started.  Firing 
was  accomplished  from  the  arming  point  on  hand  signal  from  the 
walkie-talkie  operator.  The  conditions  and  results  of  this 
shot  are  shown  In  figures  8  and  9.  Once  again,  large  pieces 
of  the  floe  cracked  away  and  began  to  drift  out  to  sea.  A 
visual  Inspection  of  the  aT»ea,  together  with  a  later  analysis 
of  the  helicopter  movies,  indicated  that  a  pulverized  area 
about  40  feet  In  diameter  and  a  thoroughly  cracked  area  about 
90  feet  in  diameter  were  produced  (fig.  10).  There  was 
relatively  slight  venting  of  the  bubble  to  the  atmosphere.  It 
was  concluded  that  this  charge  was  nearly  optlmvim  in  size  for 
the  effects  desired.  At  "ground  zero"  the  Ice  was  14  feet 
thick.  The  divers  reported  that  this  point  was  about  midway 
up  on  the  slope  of  a  "cathedral  celling"  on  the  underneath  side 
of  the  Ice,  with  the  apex  of  the  celling  being  about  four  feet 
higher.  With  a  reasonably  flat  upper  surface  In  the  area  the 
minimum  thickness  thus  was  about  10  feet,  and  the  maximum  was 
something  greater  than  14  feet. 

For  the  third  shot  a  different  area  was  selected,  A  test 
core  hole  was  put  down  to  17  feet  (the  maximum  possible  with 
the  corer  extensions  available)  without  breaking  through  the 
ice.  Not  wishing  to  abandon  the  efforts  so  far,  and  In  the 
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FIG.  6  UDT  SWIMMERS  PREPARING  TO  PLACE  CHARGE 


UNDER  THE  ICE 
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Conditiont  for  Shot  #2 

CiMirs*:  35  Ibi.  HBX-3  Md«  up  of  one  30-lb.  and  one  5-lb. 
nodules. 

Buoyaney  and  weights:  2  buoysney  cans,  2d  lbs.  in  lead  weights. 
Standoff:  40"  beneath  the  loe. 

Mae:  1000  Z,  8/26/61 

loe  thiokaess:  14  ft.  at  ground  zero,  varied  elsewhere  10  ft. 

to  16  ft. 

PlaeesMnt:  by  UDT  swlnners. 

Firing  oondltlons:  24  volts  (four  hot-shots)  at  350  ft.  from 

ground  zero. 

Cameras:  #1  (ground)  f4.0  at  64  fps;  #2  (ground)  fS.O  at 
l6  ^s;  #3  (In  helicopter)  f3*6  at  l6  fps. 

Ksdaehrome  In  #1,  #2;  Elctaohrome  In  #3* 


Test  layout  at  Tine  of  Firing 
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Fig.  8  Shot  #2 


23 

COMFIDBNTIAL 


COMnDBNTIAL 
IR>LBl  61-146 


R»»ttlts  of  Shot  #2 

DlaiMter  of  pulTorized  area:  40S  75^  ioa  f Iliad  (so«a  opan 

watar  In  eantar),  largaat  frag 
aanta  2'  z  2'. 

Dlanatar  of  thoroughly  oraokad  araa:  90* 
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.Fig.  9  Shot  #2  (Coat'd) 
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expectation  that  the  Ice  would  not  be  much  thicker,  a  20-foot 
section  of  pipe  was  placed  in  the  hole  and  the  sailors  took 
turns  driving  this  down  with  a  sledge  hammer.  After  some 
1-1/2  hours  effort  the  top  of  the  pipe  was  flush  with  the  ice 
and  the  pipe  still  was  not  through  the  ice.  Reluctantly,  then, 
this  site  was  abandoned  and  a  new  area  chosen.  At  the  new 
location  the  ice  was  9  feet  4  inches  thick  at  "ground  zero." 
Since  the  first  shot  was  oversize  and  the  second  about  optimum, 
it  was  decided  that  the  most  useful  information  could  be 
obtained  by  "bracketing  the  target"  and  going  down  still 
further  on  the  charge  size.  A  20-pound  charge  was  selected 
(fig.  11).  Again  it  was  placed  in  position  by  the  swimmers 
without  difficulty,  being  attached  to  a  pipe  at  "ground  zero" 
with  a  standoff  distance  of  2.7  feet.  Due  to  an  unexplained 
misunderstanding  the  countdown  was  started  by  the  bridge  early, 
before  the  arming  process  was  fully  completed.  Consequently, 
most  of  the  film  had  been  run  off  in  the  high-speed  camera 
before  the  explosion.  The  conditions  and  results  of  shot  #3 
are  shown  in  detail  in  figures  12  and  13.  In  general  this  was 
considered  an  undersize  charge.  Very  slight  venting  occurred. 
No  pulverization  occurred  but  a  mass  of  Jumbled,  turned  chunks 
was  produced  in  an  area  about  10  feet  in  diameter.  Extensive 
cracking  occurred  out  to  about  100  feet  diameter.  Except  for 
one  or  two  Isolated  cracks,  no  further  cracking  was  observed 
at  greater  distances. 

Considering  the  short  time  available  at  the  test  site,  and 
the  fact  that  the  three  small  shots  had  bracketed  the  desired 
size,  it  was  decided  to  use  the  remaining  hours  in  testing  one 
or  more  of  the  large  charges.  It  was  planned,  also,  to 
coordinate  these  large  explosions  with  seismic  listening  posts 
on  ARLIS-II  and  at  ARL,  to  provide  additional  data  for  this 
study  of  the  earth's  crust.  In  parallel  with  shots  #2  and  #3, 
a  ship's  working  party  had  been  trying  to  make  a  hole  through 
the  ice  large  enough  to  accept  the  200-pound  module,  l.e.,  at 
least  30  inches  clear  diameter.  This  work  was  proceeding  in 
another  part  of  the  floe,  well  "Inland"  of  the  other  tests. 

Five  standard  N3  (40-pound)  shaped  charges  and  several  small 
demolition  charges  of  five  pounds  or  less  (Comp  "C"  and  TNT) 
were  used.  The  shaped  charge  produced  a  clean  hole  all  the 
way  through  the  ice  (which  appeared  to  be  eight  or  nine  feet 
thick  at  this  location).  This  hole  was  about  three  feet  in 
diameter  at  the  upper  surface,  but  funneled  down  to  some  six 
Inches  in  diameter  at  the  lower  surface.  Sea  water,  of  course, 
immediately  filled  the  hole  up  to  a  foot  or  so  fi?ora  the  top 
surface,  along  with  ice  debris.  Efforts  to  use  an  additional 
shaped  charge  nearby  to  enlarge  the  original  hole  resulted  in 
one  larger  hole  at  the  top  surface  but  two  small  (6-inch)  holes 
at  the  bottom  surface.  Other  shaped  charges  failed  to  break 
out  the  bridge  between  the  holes.  Regular  charges  up  to  five 
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Condltlont  for  Shot  #3 

Chargt:  20  Ibt.  HBX-3  Bftde  up  tnm  two  10-lb.  aodulos. 

&oyano7  und  woightf:  2  Me  17  Flouts,  with  23  Ibt.  load  wtight 
Standoff:  32”  banaath  tha  lea. 

TIjm:  1300  Z,  8/26/61. 

loa  thlcknaaa:  112”  at  ground  taro. 

Plaoanant:  by  UDT  twlaiart. 

Firing  conditions:  24  rolts  (four  hot-shots)  at  430  ft.  fron 

ground  zaro. 

Canaras:  #1  (ground)  f3«6  at  64  fps;  #2  (ground)  fll  at  l6  fps 
#3  (hallcoptar)  f3*6  at  l6  fps.  Kodaehrona  In  #1, 
hi  Elctaohrom  in  #3. 

Tast  layout  at  Tina  of  Firing 
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Fig.  12  Shot  #3 
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Results  of  Shot  #3 
DlsMster  of  pulverized  area:  none 

Dlaaeter  of  thoroughly  oracked  and  Juabled  area:  about  13  ft. 


Plg.l3  Shot  #3  (Cont'd) 
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pounds  of  TNT  (exploded  in  one  of  the  bottom  holes)  merely 
produced  a  larger  upper  hole  and  more  loe  debris.  It  was 
thought  Imprudent  to  use  larger  charges  which  would  probably 
produce  cracks  in  the  ice.  During  these  efforts  by  the  ship's 
working  party,  the  NOL  test  team  had  set  up  cameras,  assembled 
and  checked  out  a  new  arming  device,  and  offloaded  modules 
from  which  to  assemble  the  o30-pound  charge.  (The  charges 
themselves  could  not  be  assembled  until  they  were  in  position 
at  the  test  site.)  After  about  eight  hours'  effort  by  the 
ship's  working  party  had  failed  to  produce  a  suitable  hole, 
and  the  hour  (Saturday  evening)  was  advancing,  a  conference  was 
held  to  decide  on  a  course  of  action.  The  UDT  swimmers  offered 
to  swim  the  large,  charge  in  position  under  the  ice,  some  500 
feet  from  the  edge.  This  offer  was  not  accepted  for  safety 
reasons.  The  ship  was  unwilling  to  delay  departure  another 
day  during  which  a  new  effort  to  produce  a  hole  could  have  been 
attempted.  It  was  reluctantly  agreed,  therefore,  to  cancel 
out  on  the  remaining  tests  at  Freeman's  Floe  and  proceed  toward 
Barrow.  If  other  suitable  ice,  either  old  polar  ice  or  seasonal 
ice,  was  observed  near  the  outer  edge  of  the  pack,  the  ship 
agreed  to  stop  to  allow  further  tests  to  be  run.  During  the 
3d  hours'  occupancy  of  Freeman's  Ice  Floe,  the  Floe  drifted 
about  25  miles  in  a  NNW  direction  (see  fig.  2  for  plot  of  track). 

A  sxammary  or  recapitulation  of  the  ice  penetration  test 
results  is  given  in  figure  14. 

The  inability  by  the  ship's  working  party  to  make  suitable 
holes  through  the  ice  was  a  key  factor  in  the  tests.  This 
forced  a  change  in  test  plan  Insofar  as  the  method  of  placing 
charges  into  position  was  concerned,  and  also  forced  cancella¬ 
tion  of  the  secondary  testa.  In  retrospect,  the  reasons  for 
this  inability  appear  to  be  the  unexpected  hardness  and  unusual 
thickness  of  the  ice.  Certainly  the  failure  was  not  due  to 
lack  of  determined  effort  on  the  part  of  Lt(jg)  Chidsey  suid 
his  working  party. 

Working  conditions  on  the  ice  during  the  above  tests  were 
unpleasant  but  not  severe.  The  air  temperature  was  relatively 
mild  (in  the  20 's  and  30 's)  but  continuous  fresh  winds  of  about 
20  knots  velocity  quickly  chilled  any  exposed  skin.  The  sky 
was  almost  continuously  overcast,  with  frequent  light  snow 
flurries.  Due  to  the  hummocked  surface  of  the  loe,  with  many 
refrozen  melt  pools,  movement  over  the  ice  was  somewhat  cumber¬ 
some.  Flberglas  sleds,  furnished  by  the  ship,  were  used  for 
transporting  heavy  gear  on  the  ice  and  these  occasionally 
overturned  on  the  hummocks  or  cracked  through  the  ice  on  the 
melt  pools.  Due  to  the  decision  to  limit  the  stay  at  the  floe 
to  36  hours,  those  persons  Involved  in  the  tests  were  on  the 
ice  27  of  these  hours  in  order  to  accomplish  as  much  of  the 
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program  as  possible,  A  list  of  project  personnel  Is  given  In 
Appendix  P. 

In  proceeding  back  to  Point  Barrow  no  suitable  Ice  of  emy 
sort  was  foxmd.  In  fact,  wind  and  sea  conditions  near  the 
outer  fringes  of  the  pack  were  strong  enough  to  cause  break-up 
of  the  remaining  floes  Into  small  fragments.  Ihus,  the  secondary 
tests  were  not  conducted  due  to  lack  of  opportunity. 

During  the  remainder  of  the  trip  the  Instrumentation  and 
equipment  were  sorted  out  for  reshlpment  back  to  NOL  by  the 
STATEN  ISLAND'  after  It  returned  to  Seattle.  Remaining  module 
charges  were  offloaded  and  stored  at  ARL,  Point  Barrow,  for 
possible  future  use.  The  Ice  Press  was  left  at  ARL  for  local 
use  with  the  agreement  that  It  would  be  available  to  NOL  on 
future  trips  to  ARL,  or  shipped  back  to  NOL  upon  request.  The 
remaining  pipe  and  other  expendable  gear  were  left  on  the 
STATEN  ISLAND  for  their  use. 

Ice  characteristics  at  the  test  site  are  given  In  figures 
15  through  17.  These  were  about  as  expected,  except  for  salinity 
and  the  unusual  thickness.  The  salinity  was  quite  low,  being  on 
the  order  of  1200  parts  per  million  near  the  center  of  the  Ice, 
£uid  tapering  off  near  the  top  and  the  bottom.  The  only  apparent 
explematlon  Is  the  age  of  the  Ice,  which  must  be  considerable. 
Tensile  strength  (measured  accusing  to  Dr.  Assur's  suggested 
method)  averaged  about  15  kg/cm^  throughout  most  of  Its  thick¬ 
ness,  being  a  little  less  near  the  (relatively  warmer)  surface, 
and  a  little  greater  near  the  bottom.  Temperature  was  nearly 
constant  at  30*P.  throughout.  In  summary,  the  Ice  exhibited 
normal  characteristics  for  quite  old  polar  Ice,  and  was  rather 
strong  for  summer  conditions. 
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(S3HDNI)  301  30  Hid3a 
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FIG  16  ICE  STRENGTH  AT  TEST  AREAS 


DEPTH  OF  ICE  (INCHES) 
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FIG,  17  SALINITY  OF  ICE  IN  TEST  AREAS 
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Chapter  7 
CONCLUSIONS 


It  is  concluded  that  a  35-pound  charge  of  HBX-3,  exploded 
at  the  optimum  standoff  distance  under  thick  polar  ice  under 
summertime  conditions,  will  produce  a  pulverized  area  on  the 
order  of  4o  feet  In  diameter,  and  a  cracked/jumbled  area  on  the 
order  of  90  feet  in  diameter. 

It  Is  emphasized  that  these  data  and  conclusions  apply  only 
to  polar  Ice  under  summer  conditions.  Homogeneous  samples  of 
Ice  from  nature  vary  tremendously  in  their  characteristics. 

The  knowledge  of  these  characteristics,  particularly  tensile 
strength  and  elasticity,  is  still  quite  sparse.  The  obvious 
approach  (insofar  as  explosive  effects  are  concerned)  Is  to 
select  the  most  resistant  sample  and  collect  effects  data  on 
this  sample j  then  such  data  are  always  on  the  safe  side.  But  it 
Is  not  at  all  clear  which  is  the  most  resistant  Ice.  Several 
Identifiable  types  of  ice  which  are  of  Interest  in  this  study, 
and  their  relative  characteristics  are: 


Type  of  Ice 

Seasonal 

Condition 

Relative 

Salinity 

Relative 

Temperature 

Relative 

Strength 

Old  Polar 

Summer 

Low  (^  4  ppt) 

warm 

mod, high 

Winter 

Low  " 

cold/very  cold 

mod, high 

Winter 

Summer 

Mod,hlgh(  l8ppt)warm 

low 

( Seasonal ) 

Winter 

Mod, high  " 

mod,  cold 

moderate 

Quick-Frozen 

Summer 

Very  high 

Winter 

(20-25  ppt) 

warm 

very  low 

(Surfaceable 

Winter 

Very  high 

''Skylights") 

(20-25  ppt) 

very  cold 

very  high 

Very  little  Information  Is  available  on  elasticity,  an  Important 
factor.  Equally  obscure  are  the  characteristics  during  transi¬ 
tion  phases  (spring  and  fall)  and  characteristics  of  conglomerate 
pack  (non -homogeneous  mixtures  of  various  types). 

In  summary,  natural  sea  ice  exhibits  tremendous  variations 
in  all  its  characteristics,  Including  Its  resistance  to 
explosions.  The  tests  reported  herein  are  limited  to  one  set 
of  conditions  (the  first  line  in  the  above  table).  This  may 
or  may  not  be  the  "worst"  condition. 
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Chapter  8 
RECOMMENDATIONS 


It  is  recommended  that  if  an  urgent  need  for  an  Ice 
destructor  Is  determined  to  exist,  the  design  of  this  Ice 
destructor  be  based  on  the  data  reported  herein,  even  though 
these  data  are  limited  to  a  single  set  of  Ice  conditions. 

When  opportunity  arises,  during  the  development  program, 
these  tests  should  be  repeated  under  other  Ice  conditions, 
particularly  with  old  polar  Ice  In  midwinter. 

It  Is  recommended  that  further  arctic  studies  related  to 
ASW  weapon  performance  In  the  Arctic  and  sub -Arc tic  be  pursued 
as  proposed  In  reference  (g).  The  recent  advent  of  Soviet 
nuclear  submarines  lends  urgency  to  these  studies. 

It  is  recommended  that  theoretical  studies  of  explosion 
effects  on  sea  Ice  be  extended  to  Include  typical  Ice  In  the 
Arctic  or  Antarctic.  Formulation  of  theoretical  and  empirical 
curves  and  relationships  for  predicting  explosion  effects  on 
sea  loe  should  be  related  to  Ice  variables  until  sufficient 
knowledge  Is  at  hand  to  permit  reliable  predictions  of  explo¬ 
sion  effects  to  be  made  voider  all  expected  conditions  of  sea 
loe. 
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APPENDIX  A 

Test  Plan 
Id  JUly  1961 


PURPOSE 

THese  testa  are  for  the  purpose  of  obtaining  basic  data  on 
the  effects  of  underwater  explosions  on  thick  sea  Ice.  No  data 
of  this  type  are  known  to  be  available,  except  from  a  series 
of  three  tests  that  were  made  from  the  USS  STATEN  ISLAND  In  the 
Bering  Sea  during  the  winter  of  19 39 -I960  In  relatively  thin 
sea  Ice.  The  data  are  needed  for  the  design  and  development 
of  exponents  and  systems  to  meet  Operations  Requirement 
SW-001102(REU)  "Submarine  Under-Ice  Operational  Requirement,” 
and  also  to  meet  the  requests  made  by  COMSUBLANT  In  Serial 
N4/9498  of  24  May  i960  and  Serial  42/01000  of  14  October  i960. 

MATEmL  AND  SERVICES  REQUIRED 

A  total  of  33  explosive  charge  modular  units  varying  In 
size  from  2  pounds  to  200  pounds  will  be  supplied  by  NOL.  By 
bolting  various  vinlts  together  at  the  test  site,  a  series  of 
some  14  test  charges,  containing  explosive  weights  from  2  pounds 
to  1300  pounds,  are  then  available.  A  selection  of  six  to  ten 
of  these  test  charges  will  be  used  based  on  the  Ice  thickness 
found  to  be  available  for  the  test.  In  addition,  electrical 
cable,  batteries,  buoyancy  cans,  ten  arming  devices,  and  tne 
necessary  associated  gear  will  be  furnished  by  NOL.  Instrumen¬ 
tation,  Including  three  movie  cameras  and  film  will  be  supplied 
by  NOL.  A  list  of  all  material  furnished  by  NOL  Is  attached. 

It  Is  requested  that  the  Icebreaker  furnish  one  cameraman  to 
direct  the  photographic  coverage;  one  or  more  assistant  camera¬ 
men,  If  available,  to  operate  the  other  two  movie  cameras  and 
one  view  camera  (black  and  white);  and  the  services  of  a  heli¬ 
copter,  If  available,  for  air  photographic  coverage.  In  addition 
to  these  services.  It  Is  requested  that  the  Icebreaker  furnish 
structural  wood  and  tackle  to  assemble  an  A-frame  on  the  site 
(If  needed  for  handling  the  largest  charges);  photographic 
markers  for  marking  the  explosion  area;  a  view  camera  and  film 
(for  still  photo  coverage  by  one  of  the  above  assistant  camera¬ 
men).  If  Eskimo  laborers  are  not  embarked,  it  is  requested 
that  the  Icebreaker  furnish  chain  saws,  pickaxes,  etc.,  together 
with  the  necessary  manpower,  to  cut  from  three  to  eight  holes 
through  thick  (6  to  12  feet)  ice,  and  miscellaneous  assistance 
from  the  ship's  company  at  the  test  site  as  needed  to  aid  In 
the  handling  of  the  charges  and  gear. 
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TEST  FACILITIES  AND  CONDITIONS 

prime  requirement  l^or  these  tests  Is  thick  sea  ice  (6 
to  12  feet  thick)  in  a  more-or-less  homogeneous  mass  at  least 
500  feet  in  minimum  lateral  dimension.  The  water  depth  should 
be  at  least  100  feet.  The  vessel  should  be  able  to  operate  near 
enough  to  this  mass  to  allow  the  test  charges  (maximum  weight 
of  any  unit  component--250  pounds)  to  be  unloaded  and  carried 
to  the  test  site.  The  vessel  must  be  able  to  move  a  safe 
distance  away  from  the  explosion  and  return  (1000  yards  from 
the  1300-pound  charge).  If  the  ice  floe  is  small,  adjacent 
floes  must  be  available  so  as  to  allow  the  test  party  to  move 
to  a  safe  distance,  about  1000  feet,  from  the  1300-pound  charge. 
It  is  preferable  that  the  weather  be  reasonably  calm  and  that 
the  llght/vislbillty  be  good  for  the  sake  of  photographic 
coverage.  Including  helicopter  coverage.  The  current  (or 
relative  ice/water  motion)  should  be  low,  preferably  under 
1/2-knot. 

TEST  l^THOD 

When  the  conditions  outlined  in  the  above  paragraph  are 
located,  the  explosive  shots  will  be  fired  according  to  the 
following  plan  (modified  as  necessary  for  local  conditions  and 
problems): 

1.  Select  a  location  for  the  explosion  test.  The  choice 
and  sequence  of  charges  should  be  selected  from  figure  A-1, 
which  also  specifies  the  standoff  distance  and  (by  multiplying 
the  standoff  distance  by  25)  the  minimum  distance  from  the 
hole  or  ice  edge  to  the  charge.  In  selecting  the  charge 
location,  consideration  should  be  given  to  the  current  (or 
relative  Ice/water  motion)  and,  if  the  floe  is  small,  to  the 
maximum  utilization  of  the  ice  area  for  other  explosion  tests. 

At  the  same  time  the  location  of  the  access  hole  should  be 
selected. 

2.  Dig  a  hole  completely  through  the  ice  at  the  access 
hole  location,  using  chain  saws  and  any  other  available  tools. 
The  hole  should  have  tapered  sides  and  a  clear  diameter  at  the 
bottom  of  about  2-1/2  to  3  feet.  The  upper  ice  edge  and  the 
opposite  lower  edge  should  be  trimmed  so  that  pipe  can  be 
inserted  toward  the  test  location  at  about  a  30**  angle  with 
the  horizontal.  Necessary  observations  of  ice  strength, 
salinity  and  temperature  should  be  taken  at  this  time.  Tem¬ 
perature  should  be  rechecked  Just  before  the  test  if  a 
significant  change  occurs. 

3.  Check  the  specific  gravity  of  sea  water  at  the  hole  by 
submerging  one  section  of  pipe  into  the  hole.  A  safety  retain¬ 
ing  line  and  a  15-pound  (in  water)  weight  should  be  attached 

to  the  pipe.  With  a  hand  scale  the  weight  of  the  pipe -weight 
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assembly  In  water  should  be  measured.  From  this  the  buoyancy 
of  the  pipe  section  should  be  calculated  and  the  necessary 
weights  selected  to  provide  an  overall  buoyancy  for  each  pipe 
section  of  +1  to  +2  pounds. 

4.  Using  the  curves,  figure  A-1,  select  the  first  charge 
to  be  fired  and  rig  this  with  arming  device  and  cable  for 
firing.  Select  a  buoyancy  can  that  will  provide  about  five 
pounds  buoyancy  for  the  small  charge  assemblies,  scaling  up  to 
about  23  pounds  for  the  larger  charge  assemblies.  Attach  this 
to  the  charge  with  nylon  line,  allowing  the  proper  standoff 
distance  ft.).  Select  a  compensating  weight  to  neutralize 

this  buoysmcy.  Attach  the  charge-buoyancy  can  and  the  weight 
Independently  to  the  release  device  at  the  end  of  the  first  pipe 
section.  The  overall  buoyancy  of  the  first  section,  fully 
rigged,  should  be  about  +2  pounds. 

3.  Insert  the  first  section  In  the  hole  (down  current) 
pointed  down  at  about  30**  angle  and  In  azimuth  toward  the  test 
point.  One  electrical  cable  and  one  nylon  (or  wire)  release 
cable  should  trail  back  from  the  end  of  the  pipe.  The  release 
cable  should  be  taped  lightly  to  the  pipe  once  each  section. 

It  Is  expected  that  the  assistance  of  a  UDT  swimmer  will  be 
utilized  for  this  process. 

6.  Attach  a  second  section  of  pipe,  taking  care  that  the 
pipe  In  the  water  Is  never  rotated  (a  stripe  or  other  marker 
will  be  used  to  show  this).  Tape  the  release  cable  lightly 

to  the  section  once.  Repeat  this  process  for  as  many  sections 
as  are  necessary  for  the  hole-effect  separation  of  23  ft. 

minimum. 

7.  When  the  pipe  Is  finally  In  place,  but  Just  before 
pushing  the  end  through  the  hole,  attach  a  pipe  safety  retain¬ 
ing  line,  and  take  bearings  along  the  pipe  to  establish  the 
explosion  point  as  closely  as  possible.  Use  a  tape  measure  to 
set  off  the  horizontal  distance.  Finally,  push  the  pipe  end 
through  the  hole  and  have  one  of  the  UDT  swimmers  pull  the 
release  line.  The  entire  pipe  assembly  (which  Is  slightly 
buoyant)  should  then  be  either  retrieved  through  the  hole,  or 
pulled  back  under  the  Ice  In  the  opposite  direction  until  the 
forward  end  appears.  Check  to  see  that  the  charge-float 
assembly  and  the  weight  have  released  properly. 

NOTE:  If  this  plan  for  placing  the  charge  in  position 

proves  to  be  unworkable  or  unduly  difficult,  it  is 
intended  that  the  UDT  swimmers  will  (as  a  back-up  plan) 
place  the  charges  in  position. 
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8.  Using  a  low-cuz*rent  ohmmeteri  check  the  arming  motor 
clx*cult.  Arrange  camera  coverage,  including  helicopter,  per 
plan  (Appendix  B).  Set  up  markers  around  "ground  zero."  Clear 
the  area,  stringing  electrical  cable  to  a  safe  firing  location 
(Appendix  B). 

9.  In  accordance  with  detailed  local  plan  and  the  param¬ 
eters  of  Appendix  B,  arm  the  arming  device,  monitoring  motor 
switch  closure  with  a  Simpson  ohmmeter,  and  closure  of  the 
detonator  circuit  with  a  low -current  ohmmeter.  Vilhen  all  is  in 
readiness,  and  in  accordance  with  local  plan,  detonate  the 
charge. 

10.  Based  on  the  results  of  the  first  test,  select  the 
next  charge  size,  figure  A-1,  and  repeat  the  test.  A  minimum 
of  three  and  a  maximum  of  about  six  "small"  charges  probably 
will  be  fired  in  this  series.  Finally,  fire  one  630-pound 
charge  and  one  1300-pound  charge  while  they  are  hanging  in  the 
water  directly  beneath  the  hole  in  the  ice  at  the  required 
standoff  distance. 

DATA  DESIRED 

IT  The  following  ice  data  should  be  taken  at  each  test 
site  (temperature  and  strength  measurements  should  be  taken 
immediately  after  the  hole  is  cut,  and  again,  if  necessary, 
on  an  ice  core  sample  Just  before  or  after  a  shot).  In  each 
case  data  are  desired  for  a  depth  profile. 

a.  Ice  Strength.  Samples  should  be  taken  with  the 
coring  auger,  from  selected  positions  along  the  side  of  the 
hole,  or  from  a  coring  hole.  At  least  three  samples  should  be 
measured,  if  practicable,  at  each  depth,  and  the  results 
averaged. 

b.  Salinity.  Ice  samples  should  be  taken  and  placed 
in  sample  bottles  at  similar  locations  in  the  test  hole.  The 
salinity  can  be  measured  roughly  by  hydrometer  after  the  ice 
has  melted,  but  the  samples  should  be  labelled  and  retained 
for  more  precise  measurements  later.  Samples  of  the  sea  water 
immediately  beneath  the  ice  also  should  be  taken. 

c.  Temperature.  Measurements  for  tonperature  profiles 
should  be  read  at  the  time  of  the  test  and  immediately  after 
the  ice  has  been  exposed.  Water  temperature  also  should  be 
taken. 

d.  Ice  Thickness — at  the  test  location. 
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2*  Relative  water  current. 

3.  Novle  coverage  of  each  explosion,  using  at  least  two 
camex^s,  one  on  the  surface  and  one  In  the  helicopter. 

4.  Black  and  white  still  photographs  of  the  area  after 
each  shot. 

3.  Black  and  white  still  photographs  of  the  test  steps. 

6.  Air  toaperature  and  meteorological  conditions. 

7.  water  depth. 

8.  Measurraents  of  cracks  developed  as  a  result  of  the 
explosion. 

9.  General  description  of  explosion  effects. 
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MATERIAL  FOR  UNDER-ICE  EXPLOSION  TESTS 

To  be  shipped  l^rom  NOL  to  Nwp/yorktown  for  explosive  loading 
by  13  July,  thence  to  Seattle  to  arrive  at  STATEN  ISLAND  by 
9  August: 

10  200  pound  containers  -  aluminum 

3  100  pound  containers  -  aluminum 

3  50  pound  containers  -  aluminum 

7  30  pound  containers  -  aluminum 

3  10  pound  containers  -  aluminum 

3  5  pound  cups  -  aluminum 

with  l/16-lnch  cover  plates 

4  2  pound  cups  -  aluminum 

with  l/16-lnch  cover  plates 
16  Large  filling  hole  covers  and  gaskets 

10  Small  filling  hole  covers  and  gaskets 

The  above  will  be  in  shipping  containers  suitable  for  reshl{»tent 
to  Seattle. 

To  be  shipped  by  NOL  to  Yorktown  21  July,  thence  to  STATEN 
ISLAND  by  9  August: 

Charge  Parts 

10  Arming  Devices 

13  Arming  Device  Casings,  steel 

13  Arming  Device  Casing  Covers,  steel 

3  5  pound  cup  casings,  steel 

4  2  pound  cup  casings,  steel 

4  Casing  end  cover  plates,  steel 

30  4-1/2  X  1/8  "0"  rings 

200  3/8  X  1-1/2  Allen  Head  Cap  Screws 

200  3/8  X  7/8  Allen  Head  Cap  Screws 

200  3/8  Nuts 

200  3/8  Lock  Washers 

36  3/8-16  Eye  Bolts,  1"  long 

2860  feet  5-conductor  electrical  cable 

1000  feet  2-conductor  electrical  cable 

3  5,000  ft.  rolls  -  4,000-pound  nylon  line 

2  1,000  ft.  rolls  -  1200-pound  nylon  line 

400  feet  6o6lTb  aluminxua  pipe  -  20  ft.  sections 

20  couplings  for  aluminum  pipe,  alxamlnum 

Mlsc.  buoyancy  cans  -  tools  packed  In  these 
Nlsc.  weights,  various  sizes,  also  In  cans 

3  Release  Devices 

12  Arming  Device  Boosters,  tetryl  leads 
12  Explosive  Fittings  for  Arming  Devices 
12  1-pound  TNT  blocks 

12  Blasting  Caps 
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Instrumentation 

3  16  mm  Movie  Cameras  (to  be  operated  by  SI 

photographer) 

1  Polaroid  Camera 

1  Coring  Auger 

3  Themometers  -  bimetallic  with  probes 
1  Hydrometer  (for  salinity  measurements) 

24  Sample  size  bottles  for  water  &  Ice  samples,  8  oz 

144  Sample  size  bottles  for  water  &  Ice  samples,  4  oz 

1  Box  of  labels 

1  Ice  strength  gage 

Tools  and  Hard  Instruments 

2  Complete  Tool  Kits 

1  Simpson  VOM 

2  Sets  batteries  for  arming  and  firing 
Set  of  3  -  6  volt  Hotshots 

2  22-1/2  or  45  volt  batteries 

1  Demolition  Box  -  spin  type 

1  Mk  32  Test  Set 

Miscellaneous 


2  Doz.  pr.  white  cotton  gloves 

1000  ft.  piano  wire 

("a"  frame  and  site  markers  from  STATEN  ISLAND) 
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APPENDIX  B 


NOTES  ON  TEST  PARAMETERS 

1.  Bubble  dlAMter,  HBX-3: 10'^^  ft. 

2.  Extent  of  teat  area  should  be  such  that  distance  fron  shot 
to  ioe  edge  or^^or’^inonaly  is  not  less  than  23<sd^  ft., 
preferably  30 ■'^nT ft.  (fire  bubble  dianeters). 

3.  Water  depth  should  be  at  least  20 ft.  (two  bubble 
dianeters). 

4.  caiarge  standoff  beneath  the  ice  should  be  -4^  ft.  for 
optinun  errect  (cased  on  previous  tests). 

3*  Ship  safn.  distance  for  negligible  shock  dasage  is  sonetines 
given  as  o  W  rt.  (Note:  square  root).  Because  of  ship's  age 
and  desired  additional  safety  factor,  a  distance  at  least  ten 
tines  this  should  be  used. 

6.  Motion  picture  photography.  Two  l6  os  ground  camras  and 
one  lo  wn  helicopter  canera  will  cover  each  shot.  One  ground 
canera  should  be  operated  at  64  fps  and  the  other  at  16  fps. 

The  helicopter  canera  should  run  at  l6  fps.  Two  photographic 
narkers  are  to  be  set  up,  one  on  each  side  of  ground  zero,  with 
locations  as  follows: 
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The  two  photogrephlc  mrkere  should  bo  aedo  to  tho  followlBg 
dlaonsioiit  to  proTlde  uMble  photogzuphio  sealing  factors: 
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Feasibility  Study  and  Test 
of  Pipe  Placement  System 

A  test  was  conducted  at  Solomons,  Maryland  on  7  July  1961. 
Those  participating  from  FS-4  were:  D.  M.  Leslie,  V.  0.  Costley, 
C.  A.  Nelson,  and  W.  H.  Gulledge.  The  tests  were  conducted  on 
a  raft  tied  to  a  barge  anchored  in  the  mouth  of  the  Patuxent 
River.  The  raft  had  a  hole  through  the  middle,  which  was  used 
to  simulate  a  hole  in  thick  Polar  ice. 

The  object  of  the  tests  was  to  determine  if  some  100  -  130 
feet  of  2-inch  aluminum  pipe  could  be  successfully  assembled 
and  pushed  through  a  hole  in  the  ice  with  an  explosive  charge 
on  the  end  to  place  this  charge  back  under  the  ice.  Several 
things  were  to  be  determined  about  the  system: 

1.  Could  the  20-foot  sections  be  assembled  as  they  were 
being  put  down  through  the  hole? 

2.  Would  the  bending  moment  on  the  pipe  at  the  edge  of  the 
hole  due  to  the  pipe's  buoyancy  in  the  water  be  enough  to  bend 
the  pipe? 

3.  Would  a  mechanical  release  for  holding  the  charge  to 
the  pipe  until  placement  under  the  ice  be  successfully  actuated? 

4.  Were  threaded  couplings  the  best  way  to  put  the  pipe 
sections  together? 

3.  What  would  assembly  handling  be  like  when  there  was  a 
current  running  beneath  the  raft? 

The  first  step  of  the  test  was  to  start  assembling  the  pipe 
and  pushing  it  through  the  hole  with  no  weights  attached  to 
overcome  some  of  its  buoyancy.  Galvanized  iron  couplings  were 
used  with  the  aluminum  pipe.  A  compound  oiade  by  the  General 
Electric  Company  (Electrical  Insulating  and  Sealing  Compound 
MIL-l-8660)  was  used  as  a  lubricant  and  Joint  sealer.  Assembly 
was  quite  easily  accomplished  with  some  seven  or  eight  men 
participating.  When  three  20-foot  lengths  had  been  put  through 
the  hole,  a  rough  approximation  of  the  bending  moment  on  the 
pipe  where  it  was  against  the  bottom  edge  of  the  hole  was 
measured.  It  was  found  to  be  600  ft-lbs.  A  fourth  length  was 
then  added  and  shoved  down.  At  this  point  the  far  end  of  the 
pipe  rose  to  the  surface  some  70  feet  beyond  the  raft.  The 
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pipe  wai  bowed  down  Into  the  water  from  the  raft  and  then  back 
up  to  the  aurface.  It  stayed  this  way  for  a  few  seconds  and 
suddenly  broke  at  the  third  coupling.  The  section  was  retrieved 
before  It  sank,  and  It  was  noted  that  It  had  broken  at  a  coup¬ 
ling  when  the  threads  stripped  and  pulled  out  of  the  coupling. 

For  the  second  test,  26  pounds  of  lead  were  attached  to  the 
end  of  the  pipe  that  was  Inserted  Into  the  water  first.  It  had 
been  estimated  that  100  feet  of  the  pipe  would  have  a  buoyeuicy 
of  36  pounds.  The  effect  of  this  lead  weight  was  to  make  the 
first  two  sections  more  difficult  to  hold  onto  when  being 
assembled.  When  80  feet  of  pipe  had  been  assembled,  the  moment 
was  again  checked  and  found  to  be  360  ft-lbs.  After  100  feet 
had  been  assembled,  the  close  end  was  capped  and  the  entire 
pipe  pushed  through  the  hole  so  that  It  was  laying  In  the  water. 
The  first  50  feet  lay  about  flat  on  the  surface,  then  the 
remainder  bent  down  Into  the  water  to  a  depth  of  17  feet  where 
the  26  pounds  of  lead  was  attached.  It  was  felt  this  was 
unsatisfactory  because  a  charge  attached  at  that  point  would 
be  too  far  below  the  Ice. 

For  the  third  and  final  test,  a  buoyancy  can  was  rigged  to 
have  about  three  pounds  positive  buoyancy  and  attached  to  the 
release  device  on  the  end  of  the  first  pipe  section.  This  was 
first  tested  to  be  sure  It  would  float.  Then  as  the  pipe  was 
once  again  assembled  and  put  through  the  hole,  a  weight  of 
from  five  to  eight  pounds  was  attached  at  each  coupling  and  at 
the  release  device  to  reduce  the  pipe's  buoyancy.  In  this  way 
the  weight  would  be  distributed  along  the  pipe  and  not  pull 
one  end  way  down.  A  nylon  line  was  also  taped  lightly  to  the 
pipe  from  the  release  device.  The  pipe  went  down  quite  easily 
with  this  system  except  that  a  current  of  about  l/2-knot  which 
was  running  now  due  to  the  tide  carried  the  pipe  around  under 
the  raft  as  It  was  being  Inserted.  When  the  pipe  was  all  In 
(100  feet),  the  release  was  pulled  but  the  buoyancy  can  never 
appeared.  It  had  been  either  deformed  and  made  to  leak  due  to 
Its  depth  at  one  point  (perhaps  70  feet),  or  been  carried  way 
out  under  water  by  the  tide. 

These  are  the  conclusions  about  the  points  which  were  of 
Interest: 

1.  The  sections  could  be  assembled  with  a  minimum  of 
trouble  provided  enough  personnel  was  available  to  help. 

2.  Ihe  pipe  would  stand  the  bending  moment  applied  to  It. 
The  pipe.  In  fact,  was  found  to  be  quite  flexible. 

3.  A  release  could  be  actviated,  although  a  more  positive 
system  of  ejection  from  the  release  should  be  developed. 
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4.  The  threaded  couplings  were  the  weakest  part  of  the 
systea*  From  the  standpoint  of  speed  and  strength,  another 
qulok-connect  system  should  be  developed. 

3*  A  cuzrent  makes  assembly  somewhat  more  troublesome, 
but  not  prohibitively. 

The  strength  of  the  pipe  in  bending  mcmient  was  calculated 
as  follows: 


2"  Extra  Heavy  Aluminum  Pipe 

Material  -  6o6l  t6 
Yield  -  35>000  pal 
OD  -  2.375 
ID  -  1.939 

Z  .  .  0.098 

.  0.098  (2-375)^^-^1.939)‘* 

«  0.098  31 «Q  -14.1 
2.375 

-  0.73  In.^ 

M  »  SZ 

-  (35,000)  (.73) 

»  25,600  in-lbs. 

-  2,130  ftrlbs. 
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APPENDIX  D 


Description  of  Charges  for 
Point  Barrow 'Ice  Tests 

The  Arctic  test  charges  have  been  designed  in  modular  form. 
The  assembled  charges  will  be  in  the  following  sizes:  2,  4, 

10,  15,  20,  30,  45,  70,  100,  150,  250,  600,  and  1300  pounds  of 
explosive.  In  order  to  provide  charges  in  the  larger  sizes 
and  still  have  units  which  can  be  handled  easily  on  the  Arctic 
ice,  seven  modules  were  designed  that  could  be  bolted  together 
to  form  these  assembled  charges.  The  module  explosive  weights 
are  2,  5,  10,  30,  50,  100,  and  200  pounds.  The  approximate 
total  weights  of  the  modules  are  5,  12,  l8,  41,  74,  128,  and 
244  pounds.  There  will  be  one  arming  device  for  each  assembled 
charge,  weighing  about  five  pounds. 

It  should  be  noted  that  there  are  three  methods  used  to  bolt 
the  pieces  together,  depending  on  the  particular  situation: 

1.  Outside  Rings.  The  200- ,  100- ,  50- ,  and  30-pound 
charges  have  a  ring  on  both  ends  with  eight  drilled  holes,  while 
the  10-pound  charge  has  a  single  larger  ring  on  one  end.  These 
rings  are  bolted  together,  one  unit  to  another,  with  3/8  x  1-1/2 
bolts  when  the  units  are  the  same  diameter.  It  should  be  noted 
that  the  filling  hole,  which  extends  from  the  top  of  the  200- , 
100- ,  and  50-pound  charges  of  one  unit,  fits  into  the  arming 
device  socket  in  the  bottom  of  the  next  unit  so  that  the  bolting 
rings  come  together. 

2.  Outside  Rings  and  Cap  Screws.  When  a  small  diameter 
unit  is  to  be  bolted  to  a  larger  diameter  unit,  the  outside 
ring  on  the  small  unit  is  placed  on  the  larger  unit  so  that  the 
tapped  holes  in  the  bottom  of  the  larger  unit  line  up  with  the 
drilled  holes  in  the  ring.  3/8  x  3/4  cap  screws  are  then 
inserted  to  hold  the  pieces  together.  The  same  care  should  be 
taken  to  fit  filling  holes  into  arming  device  sockets  on  the 
200-,  100- ,  and  50-pound  charges. 

3.  Open  Tubes  into  Arming  Device  Socket.  Normally  the 
arming  device  will  be  put  into  the  socket  in  the  bottom  of  the 
lowermost  unit  in  the  charge,  except  when  the  2-pound  and 
5-pound  charges  are  being  used.  In  that  case  the  short  open 
tube  and/or  the  long  open  tube  are  first  inserted  in  this 
socket.  The  2-pound  and/or  5-pound  charge  cups  are  slipped 
into  this  open  tube  and  then  the  arming  device  is  put  on  tne 
end  of  this  tube  up  against  the  small  charges. 
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These  open  tubes  are  assembled  Into  the  sockets  by  slipping 
the  4-1/2  X  1/8  "0"  ring  Into  the  groove  on  the  male  end  and 
inserting  Into  the  socket  with  the  four  drilled  holes  In  the 
flange  lined  up  with  the  tapped  holes  In  the  unit  with  the 
socket.  3/S  X  3/4  cap  screws  are  then  put  In  to  hold  the  tube 
on.  The  tubes  have  been  made  1/8-lnch  shorter  than  the  cup 
charges  to  permit  tight  assembly,  so  the  flanges  should  not  be 
tightened  down  until  the  arming  device  Is  Inserted  In  the  same 
manner. 

After  the  charge  Is  bolted  together,  four  eye-bolts  are 
positioned  90*  apart  in  the  uppermost  ring  of  the  charge  for 
attaching  the  suspension  line.  Buoyancy  chambers  and  suspen¬ 
sion  lines  of  the  correct  length  for  proper  stand-off,  prepared 
previous  to  going  on  the  Ice,  will  be  attached  to  these  eye -bolts. 

A  sketch  of  typical  charge  assemblies  Is  attached  for 
convenience . 
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APPENDIX  F 


Project  Personnel  List 
NOL  TEST  PARTY  IN  THE  ARCTIC 


D.  N.  Leslie 
C.  A.  Nelson 
W.  E.  Burke 
T.  B.  Heathcote 
H.  C.  Axtell 
W.  H.  Gulledge 

ASSISTING  ICE  EXPERT 


Chia-Yao  Yvian  (Arctic  Research  Lab.,  Unlv,  of  Alaska) 
SHIP’S  KEY  PERSONNEL 

Cdr.  W.  L.  Larson,  USN  (Captain) 

Lt(jg)  J.  P.  Chldsey,  USN  (in  charge  of  Working  Party 

on  the  ice) 

UNDERWATER  DEMOLITION  TEAM  UDT-12 


Lt(jg)  Clayton  B.  Freeman,  USNR,  Officer-In -Charge 

Dever  L.  Cunningham,  QM-2 

Barry  W.  Enoch,  GM-2 

Billy  W.  Machem,  RD2-P1 

Ronald  E.  Salllant,  SF-1 

Thomas  H.  Spence,  BMC 

OTHER  NOL  PERSONNEL  CONTRIBUTING  TO  PROJECT 
D.  Adams  (Instrumentation) 

J.  S.  Allulis  (Ordnance  Locator  investigation) 

R.  M.  Barash  (Charges,  photographic  instrumentation) 
V.  G.  Costley  (Pipe  placement,  charge  design,  etc.) 
J.  B.  Dempsey  (Photographic  instrumentation) 

S.  G.  Dowgallow  (Charge  containers,  pipe  placement) 
V.  G.  Johnson  (Charge  containers,  pipe  placement) 

C.  C.  Vogt  (Planning) 

S.  Wolf  X^ce  measurements) 

D.  J,  Torpy  (Photographic  Instnomentatlon) 
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